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Biological Activity and Chemical Composition of the Essential
Oil from Jamaican Hyptis verticillata Jacq.
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The chemical composition of the essential oil obtained by hydrodistillation from the aerial parts of
Hyptis verticillata Jacq. was elucidated by a combination of GC and GC-MS analyses. The oil was
dominated by the sesquiterpenoids cadina-4,10(15)-dien-3-one (15.1%) (1) and aromadendr-1(10)-
en-9-one (squamulosone) (30.7%) (2). The oil exhibited chemosterilant activities against the cattle
tick, Boophilus microplus Canest., and toxic action against adult Cylas formicarius elegantulus
Summer, the most destructive pest of sweet potato (l[pomoea species).
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INTRODUCTION 2

The genusHyptis (Labiatae) consists of over 400 species
mainly found in the tropical Americad), and many plants from 1
this genus are widely used in traditional medicine for the 1
treatment of various illnesses. They have been found to possess
tumorigenic, antifertility, antimicrobial, mycotoxic, and phyto-
toxic activities @) as well as acaricidal, insecticidal, and
nematicidal properties3j. Most of these plants are highly
aromatic and hence of interest for investigations of their essential
oils. The plantHyptis verticillata, commonly called “John E
Charles” in Jamaica, has found widespread use in folk medicine.
It is recognized for its astringency and is utilized in baths for
skin diseases such as eczema, psoriasis, scabies, and athletels W i me
foot (4). In Jamaica, the plant is a favorite cold medicine and 7— -

g)utlllzed alone on with other plants such Bslanum torum Figure 1. GC chromatogram from the analysis of the essential oils of H.

verticillata.

Phytochemical investigations 6f. verticillata have revealed
the presence of the sesquiterpenes cadina-4,10(15)-dien-3-one
(1) and aromadendr-1(10)-en-9-one (squamulos@)€l-{gures
1 and2) (6,7) as well as several lignans and triterper&9J.
Previous analyses of the volatile oils of this plant have indicated
the possibility of different chemotypes. A plant sample obtained
from Freiburg, Germany, revealed the presencergfinene ¢
(65.2%), 3-pinene (8.5%), and thymol (1.6%) as the major 1 2
components (10); however, the volatile oil from a Cuban plant Figure 2. Structures of cadina-4,10(15)
was dominated by cadina-4,10(15)-dien-3-one (14.8%) and 1(10)
isocaryophyllene epoxide (14.4%) (11).

Here we report the chemical composition of the essential oils
from a Jamaican variety df.. verticillata as well as its insect

-dien-3-one (1) and aromadendr-
-en-9-one (2) isolated from H. verticillata.

growth regulatory and insecticidal properties against adult

female ticks Boophilus microplusand both sexes of the sweet

potato weevilCylas formicarius elegantulus, respectiveB.

9Z;QSTgrftgx\Aég%rﬁg%trlegggng_?gﬁ_ Spoc;ugioﬁg%ﬂﬁ?gg étgéipjf;ﬁ)ne 876-micro_plusis of considerable economic importance because of
t University of the West Indies. DR its ability to transmit disease-causing organisms in catt®.(

8 Scientific Research Council. C. formicarius elegantuluss often considered to be the most
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serious pest of sweet potato, with reports of losses ranging fromreduction in the weight of the eggs oviposited by the treated and control
5t0 97% in areas where the weevil occut8), A symptom of ticks during 21 days of the post-treatment period. From the data obtained
infestation by the weevil is yellowing of the vines, but a heavy an 10Dsx value was determined (concentration f verticillata oil
infestation is usually necessary before this is apparent. Thus,€duired for inhibiting oviposition by 50%), which was compared to
incipient problems are easily overlooked, and damage is not dimethoate. .

- - . Oviposited eggs, after 21 days, were weighed and pooled. The
apparent until tubers are harvested. The principal damage is

L. ; " viability of the eggs at each concentration was determined by placing
caused by the mining of the tubers by larvae in addition to them in test tubes plugged with cotton wool and incubating them for

facilitating the entry of soilborne pathogens. Even low levels g yeeks at 27 2 °C and 50—60% RH. During incubation, the cotton
of feeding induce the production of toxic sesquiterpenes in the was moistened every second day with distilled water. The ratio of

roots, which impart a bitter tastd4). hatched/unhatched eggs was determined by removing the hatched
larvae, which had aggregated at the top of the test tube, and by
MATERIALS AND METHODS examining the residue remaining at the bottom of the tube. Samples

consisting of hatched and unhatched eggs were taken from each tube
Plant Material. The plantH. verticillata was collected in January ~ and examined under the microscope at a magnificatior 0. The
2001 along the banks of the Hope River in August Town, St. Andrew, ratio of hatched egg shells/unhatched eggs was used to establish the
Jamaica. An identified voucher specimen documenting this collection extent of inhibition of hatching according to Abbot's formul20j.
has been deposited in the herbarium of the Department of Life Sciences, Al mortality and inhibition of oviposition data were transformed to
University of the West Indies, Mona (accession no. 33483). probit analysis before the calculation of kfoand 10D
Isolation of the Essential Oils.The aerial parts of the gree.
verticillata (398 g) were subjected to hydrodistillation for 4 husing a8 ReSULTS AND DISCUSSION
Clevenger-type apparatus. Distillation was carried out in triplicate. The
essential oils obtained were dried over anhydrous sodium sulfate to  Chemical Composition. Steam distillation of fresh aerial
consistently yield clear yellow oils in 0.15% yields (w/w). parts ofH. verticillata gave a strong odorous yellow oil in 0.15%
Analytical Conditions. The chemical composition of the essential yield. The very low leaf oil yield appears to be characteristic
oils was analyzed by GC-MS using a Varian Saturn 2200 instrument of the Hyptis genus (21—25). Analysis by capillary gas
interfaced to a Varian CP-3800 gas chromatograph. The gas chromatoghromatography (GC) revealed that the oil was a complex
graph was equipped with a WCOT CP-SIL 8 fused-silica capillary - yixtyre (Figure 1). The oil was resolved into 37 components,
column (30 mx 0.25 mm; 0.25m film thickness); helium was used 54 33 compounds were identified by comparison with retention
as the carrier gas with a flow rate of 1 mL/min. The temperature . . . .
indices, authentic samples when available, and the NIST mass

program employed was 8 (5 min) to 200°C (5 min) at a rate of 3 . . .
°C/min, with injection and detector temperatures maintained at 250 SPectral data libraryTable 1). The oil was dominated by

and 220°C, respectively. The mass spectral data were obtained on aoxygepated S(_equiterp_enes. The mgjor components were the
Saturn 2000 ion trap mass spectrometer with an ionization energy of S€squiterpenoids cadina-4,10(15)-dien-3-ohe(15.1%) and

70 eV and a mass range of-3850 amu. aromadendr-1(10)-en-9-one (squamuloso2¢)80.7%), with
Calculation of Kovats Retention Indices (RI). The oil was spiked minor components of viridiflorol (4.3%) and spathulenol (2.2%).
with a standard mixture of homologousalkane series (-Czs) and Successive analysis of the oil gave very reproducible results,

analyzed by GC under the above-mentioned conditions. Retention and all area data given are the average of three consecutive GC

indices were directly obtained by the application of the Kovats analyses. Cadina-4,10(15)-dien-3-one (1) had been previously

procedure (15). . reported in a Cuban variety oH. verticillata as major
Component Identification. The components of the essential oils component; however, there has been no report of aromadendr-

were identified by comparison of their mass spectral data with those . - . .
of the NIST 98 library or with authentic compounds and were confirmed l(lp)-en-9-one (.2). in Hyptisils. This suggests the Jamaican
variety of H. verticillata may be the same chemotype as the

by comparison of their Kovats retention indices with data published in A
the literature (16—19). Cuban plant; however, both plants differed from the German

Insecticidal Assay.Two-week-old adulC. formicarius elegantulus ~ Variety, in which monoterpenes were the major componé@)s (
(Summer) weighing 5& 2.5 mg each were used for bioassay. Insects ~ Biological Studies. The oil was found to be an effective
were cultured on sweet potato tubdpofmoeaspecies) in the laboratory  insecticidal agent again€t formicariuswith a 48 h LD;p value
at 25+ 2 °C and 65—68% relative humidity (RH). A 25% (v/v, 0.05  of 0.4ulL/g insect compared with an Ldgof 0.13uL/g of insect
mL in 0.2 mL of acetone) stock solution was prepared for the oils. for a dimethoate concentration of/g of insect at 48 hTable
From the above, 1.0, 2.0, 3.0, and 4l0were topically applied tothe ) pata presented ifiable 3indicate that the oil disrupted the
abdomen of 20 adulE. formicariusin two replicates of 10 each using oviposition and hatching d&. micropluseggs; however, it was

a Hamilton microapplicator. Twenty insects, each treated W|tm4_.0 not very lethal to the adult ticksTable 3). Thus, doses of 1.0,
of acetone only, served as the controls. The number of dead insects,

was recorded at 24 and 48 h after treatment. Dimethoate was used ag'o' 3.0, and 4.@L/g of tick body weight inhibited oviposition
the positive control, and L (concentration of dimethoate d. (and hatching) by 43.75% (30.50%), 65.00% (50.20%), 79.87

verticillata oil required for killing 50% of test insect) was determined.  (83%), and 87.20% (90%), respectively. The 9as 1.5uL/g

Acaricidal Assay. The assay was performed on fully engorged adult Of tick body weight. Eugenol, a known acaricidal agent in
femaleB. microplus(Canest.) weighing 208 10.0 mg within 4 h of Pimenta dioicagave an O[3, value of 0.9:L/g of body weight

collection from the local abattoir. for B. microplus and the commercial pesticide dimethoate gave
From the stock solution of the essential oil prepared for the an IODso of 1.7 uL/g of tick body weight 26). Acetone used

insecticidal assay above, 2.0, 4.0, 6.0, and.8.Galiquots (i.e., 1.0, as a solvent/negative control was totally inactive.

2.0, 3.0, and 4.QuL of oil) were topically applied to the dorsa of the The acaricidal and insecticidal activities of the oil could be

adultB. microplus. Twenty ticks (in two replicates of 10) were used 4,6 5 the synergistic effect of the major components cadina-
for each bioassay. Treated ticks were kept in Petri dishes at room 4,10(15)-dien-3-one (1) and squamulosom, (which both

temperature (24 2 °C) and 55-60% RH. The control experiment L — L .
involved 20 ticks, which were treated with acetone (8L under exhibited activities at levels of milligrams per gram of insect

identical conditions. Dimethoate and eugenol were used as the positiveP0dy Weight 6, 7). The oil, however, produced enhanced
controls. Mortality was recorded at 96 h after treatment. Dead ticks biological activity with significant results at levels of microliters
were removed and the survivors allowed to oviposit eggs. The per gram of insect body weight. The importance of this
percentage inhibition of oviposition (10) was calculated by using the observation is that using the oil offers an added advantage
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Table 1. Percentage Composition of the Essential Oil from the Aerial Table 3. Effects of Qils on the Survivability of Fully Engorged Adult
Parts of H. verticillata Female B. microplus?
compound? RI area % IDP dose (uL/g of % mortality mean egg wt % 10 (after
1-ethylbutyl hydroperoxide 965 13 GC-MS tick body wi) ats6h (mg) + SE 21 days) %IH
1-octen-3-ol 987 0.6 GC-MS, RI H. verticillata essential oils
linalool 1102 04 GC-MS, RI 1.0 10 4550 +3.5 43.75 30.5
a-ylangene 1368 0.2 GC-MS, RI 2.0 25 2832+23 65.00 50.2
a-copaene 1375 0.4 GC-MS, RI 3.0 30 16.2+4.0 79.87 83
p-bourbonene 1382 0.7 GC-MS, RI 4.0 45 10.3+36 87.20 90
[-elemene 1389 0.5 GC-MS, RI eugenol
[3-cubebene 1434 tre GC-MS, RI 0.2 0.0 65+2.0 14.0 30
longifolene 1437 0.4 GC-MS, RI 05 20.0 50+1.0 34.2 40.5
germacrene D 1461 tr GC-MS, RI 2.0 35.0 32+0.8 57.89 50.6
dihydroaromadendrene 1472 tr GC-MS 3.0 80.0 20+1.4 73.68 80.3
viridiflorene 1487 0.8 GC-MS, RI dimethoate
epi-bicyclosesquiphellandrene 1494 tr GC-MS, RI 0.2 0.0 75+13 1.33 35.2
y-cadinene 1513 15 GC-MS, RI 05 15.0 50.4 +4.0 33.68 50.6
o-cadinene 1530 11 GC-MS, RI 1.0 30.0 369+31 58.1 80.4
di-epi-cedrene-1-oxide 1551 19 GC-MS 2.0 50.0 25.8+45 66.1
selina-3,7(11)-diene 1562 07 GC-MS, R control (8 L of 0 80.50+2.3 0.0 0.0
ledene alcohol 1570 12 GC-MS acetone)
spathulenol 1577 2.2 GC-MS, RI
d id 1582 13 GC-MS, RI — — — -
Sﬁidﬁg?o?pom € 1586 44 GC-MS, RI 210, inhibition of oviposition; IH, inhibition of hatching; SE, standard error.
-copaen-4-o.-ol 1594 0.6 GC-MS, RI
Cugiﬁﬁ:m 12;2 é-i ggmg E: formicarius. It can also find application in the postharvest
o~ . - ) H H
3-ox0-p-onone 1685 06 GO-MS treatment _of swe(_at potato tubers b_elng placed into storage to
guaiol acetate 1735 06 GC-MS, R prevent reinfestation from nearby fields.
cadina-4,10(15)-dien-3-one 1743 15.1 GC-MS, GC-Co
aromadendr-1(10)-en-9-one 1764 30.7 GC-MS, RI, GC-Co ACKNOWLEDGMENT
6S-2,3,8,8-tetramethyltricyclo- 1821 12 GC-MS
[5.2.2.0(1,6)Jundec-2-ene We are grateful to Patrick Lewis (Department of Life Sciences,
46r::?r?ﬂ[)?£ylcllﬁgi%]8dl 1883 Lo GeMs UWI, Mona) who authenticated the plant material. We are also
Octar{z_oﬁe - indebted to Timon Waugh (Coffee Industry Board, Jamaica)
6-(1-hydroxymethylvinyl)-4.8a- 1909 31 GC-MS for the use of the Varian GC-MS instrument.
dimethyl-3,5,6,7,8,8a-
hexahydro-1H-naph- LITERATURE CITED
thalen-2-one
methyl hexadecanoate 1930 0.6 GC-MS, R (1) Peerzada, N. Chemical composition of the essential ¢ilypitis
hexadecyl acetate 2004 12.0 GC-MS, R suaveolensMolecules1997,2, 165—168.
total 87.1 (2) lwu, M. M.; Ezeugwu, C. O.; Okunji, C. O.; Sanson, D. R;
Tempesta, M. S. Antimicrobial activity and terpenoids of the
aElution order on CPSIL 8 capillary column. ® GC-MS, tentative identification essential oil oHyptis suaeolens. Int. J. Crude Drug Res99Q
by gas chromatography—mass spectrometry; GC-Co, coelution with authentic 28, 73-76. . .
sample; RI, retention index in DB-5. ¢ Trace amounts (<0.1%). (3) Scramin, S.; Saito, M. L.; Pott, A.; Marques, M. O. M. Volatile

constituents oHyptis crenataPohl (Labiatae) native in Brazilian
PantanalJ. Essent. Oil Re2000,12, 99-101.

Table 2. Toxic Action of Essential Oils against C. formicarius (4) Morton, J. F.Atlas of Medicinal Plants of Middle America:

elegantulus: Bahamas to YucatarCharles Thomas: Springfield, IL, 1991.
% mortality % mortality (5) Ayensu, E. SMedicinal Plants of the West IndieReference
dose (uL/g of insect body wt) after 24 h after 48 h Publications: Algonac, MI, 1981.

(6) Porter, R. B.; Reese, P. B.; Williams, L. A. D.; Williams, D. J.

H. verticifata essential oils Acaricidal and insecticidal activities of cadina-4,10(15)-dien-3-

8% 28;8 %g.o one.Phytochemistry1995,40, 735—738.

0.5 40 60 (7) Collins, D. O.; Buchanan, G. O.; Reynolds, W. F.; Reese, P. B.
1.0 50.0 80.0 Biotransformation of squamulosone Byruwularia lunataATCC
dimethoate 12017.Phytochemistry2001,57, 377—383.

0.1 10 30 (8) Novelo, M.; Cruz, J. G.; Hernandez, L.; Pereda-Miranda, R.;
0.2 30 60 Chai, H.; Mar, W.; Pezzuto, J. M. Chemical studies on Mexican
gg 28 1?)8 Hyptis species. VI. Biologically active natural products from
control (4 uL of acetone) 0.0 00 Mexican medicinal plants. Il. Cytotoxic constituents fréfyptis

verticillata. J. Nat. Prod.1993,56, 1728—1736.
. - - (9) German, V. F. Isolation and characterization of cytotoxic
N = 20in two replicates of 10 each. principles fromHyptis verticillata. J. Pharm. Sci1971, 60, 649—
650.
(10) Kuhnt, M.; Probstle, A.; Horst, R.; Bauer, R.; Heinrich, M.
Biological and pharmacological activities and further constituents

because it is readily obtainable by simple hydrodistillation as
opposed to the isolation of cadina-4,10(15)-dien-3-one (1) or

squamulosone (2) via extensive chromatography. of Hyptis verticillata. Planta Med.1995,61, 227—232.
The essential oil ofH. verticillata, due to the plant's (11) Pino, J. A; Bello, A.; Urquiola, A.; Marbot, R. Essential oil of
widespread occurrence, could provide an alternative as a natural Hyptis verticillata Jacq. from CubaRev. CENIC, Cienc. Quim.

product-based pesticide in the controlBf microplusand C. 2002,33, 55-56.



Essential Oil from Jamaican Hyptis verticillata Jacq.

(12) Rawlins, S. C.; Mansingh, A. A review of tick and screwworm
affecting livestock in the Caribbeamsect Sci. Its Appl1987,
8, 259—267.

(13) http://creatures.ifas.ufl.edu/veg/potato/sweetpotato_weevil.htm,
accessed April 2005.

(14) Jansson, R. K.; Mason, L. J.; Heath, RURe of Sex Pheromones
for Monitoring and Managing Cylas formicarius in Sweet Potato
Pest Management: A Global Perspeeli Westview Press:
Boulder, CO, 1991.

(15) Sun, Y.; Zhang, R.; Wang, Q. Programmed-temperature gas
chromatographic retention indeX. Chromatogr. A1993,657,
1-15.

(16) Adams, R. Pldentification of Essential Oils components by Gas
Chromatography/Quadrupole Mass Spectros¢dyiyired: Carol
Stream, IL, 2001.

(17) Analytical Methods Committee. Application of gdsquid
chromatography to the analysis of essential dNsalyst1993,
118, 1089—1098.

(18) Araujo, E. C. C.; Silveira, E. R.; Lima, M. A. S.; Neto, M. A.;
De Andrade, I. L.; Lima, M. A. A.; Santiago, G. M. P.; Mesquita,
A. L. M. Insecticidal activity and chemical composition of
volatile oils fromHyptis martiusiiBenth.J. Agric. Food Chem
2003,51, 3760—3762.

(19) Zoghbi, M. B.; Andrade, E. H.; Da Silva, M. H. L.; Maia, J. G.
S.; Luz, A. I. R.; Da Silva, J. D. Chemical variation in the
essential oils oHyptis crenataPohl ex Benth.Flavour Fra-
grance J.2002,17, 5-8.

(20) Roberts, R. R.; Williams, L. A. D. Acaricidal and insecticidal
activities of three synthetic oxazolidinond2estic. Sci.1991,
33, 393—398.

J. Agric. Food Chem., Vol. 53, No. 12, 2005 4777

(21) Brophy, J. J.; Lassack, E. V. The volatile leaf oilsHyptis
pectinata(L.) Poit. andVitex trifolia L. var. bicolor (Willd.)
Moldenke from Fiji. Flavour Fragrance J.1987,2, 41-43.

(22) Fun, C. E.; Svendsen, A. B. The essential ofgptis suaeolens
Poit. grown in ArubaFlavour Fragrance J1990,5, 161—-163.

(23) Velasco-Negueruela, A.; Perez-Alonso, M. J.; Esteban, J.;

Guzman, C. A.; Zygadlo, J. A.; Espinar, L. A. Volatile

constituents oHyptis mutabilis(Rich.) Brig.J. Essent. Oil Res.

1995,7, 81-82.

Silva, A. F.; Luiz, C. A. B.; Nascimento, E.; Casali, V. W. D.

Chemical composition of the essential oil ldfptis glomerata

Mart. Ex Schrank (Lamiaceae). Essent. Oil Res2000, 12,

725-727.

Sidibe, L.; Chalchat, J.; Garry, R.; Harama, M. Aromatic plants

of Mali (Ill): Chemical composition of the essential oils of two

Hyptis species:H. suaveolengL.) Poit. andH. spicigeraLam.

J. Essent. Oil Re2001,13, 55-57.

Brown, H.; Minott, D.; Ingram, C.; Williams, L. Biological

activity of the extracts and constiturnts of pimenRimenta

dioica (L.) against the southern cattle tidgpophilus microplus

Insect Sci. Its Appl1998,18 (1) 9—16.

(24)

(25)

(26)

Received for review January 3, 2005. Revised manuscript received April
29, 2019. Accepted May 1, 2005. P.C.F thanks the University of the
West Indies for a Teaching Assistantship and Tanaud International
BV for a travel award to attend the 228th National Meeting of the
American Chemical Society in Philadelphia, PA, where some of this
work was presented.

JF050008Y



